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We study the dc resistivity of UNi2Al3 thin films as a function of temperature and magnetic field. We
focus on the temperature range around the antiferromagnetic transition (TN ≈ 4 K in zero applied field).
From a clear signature of TN in the dc resistance along the crystallographic a-direction, we extract the
shape of the magnetic phase diagram. Here we find quantitative differences in comparison to previous
studies on bulk crystals.
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Amongst the uranium-based heavy-fermion compounds,
UNi2Al3 and UPd2Al3 play an important role:1–3) both ex-
hibit heavy-fermion superconductivity in an antiferromag-
netic phase. From this observation, when considered together
with the identical, hexagonal crystal structure, one might ex-
pect very similar behavior for both compounds, but this is
not the case. The critical temperatures TN for antiferromag-
netism and Tc for superconductivity differ by a factor of 3
and 2, respectively (TN ≈ 4 K and Tc = 1 K for UNi2Al3;
TN = 14 K and Tc = 2 K for UPd2Al3), and also the ef-
fective magnetic moment per uranium atom in the antiferro-
magnetic phase differs considerably: 0.85µB for UPd2Al3,4)
and approximately 0.2µB for UNi2Al3.5, 6) Most remarkable
is the difference of the antiferromagnetic order: UPd2Al3 has
a simple, commensurate ordering wave vector,4) whereas the
wave vector of UNi2Al3 is incommensurate.5, 6) According
to detailed neutron studies in zero magnetic field, the anti-
ferromagnetic order of UNi2Al3 is an amplitude modulated
magnetization wave with the magnetic moments in the basal
plane.7) The magnetic phase diagram of UNi2Al3 was studied
previously by means of dc susceptibility, dc resistivity, mag-
netization, and specific heat.8, 9)
Given the important role of UPd2Al3 for the understanding
of unconventional superconductivity in heavy-fermions,10, 11)
it is unfortunate that the experimental situation of UNi2Al3
is still much less established than that of UPd2Al3. One rea-
son for this is that the growth of single-crystalline samples
of UNi2Al3 is substantially more difficult than of UPd2Al3.
This restriction does not hold for those experiments, where
thin-film samples can be employed or are even advantageous,
e.g. different types of spectroscopy such as tunneling,10) op-
tical,12) or microwave,13, 14) as well as anisotropic dc resis-
tivity measurements.15) Another promising recent prospect of
heavy-fermion thin-film growth is the design and control of
epitaxial multilayers.16)
We have grown thin films of UNi2Al3 using a molecu-
lar beam epitaxy setup: the three constituent elements were
evaporated separately (with individually controlled rates) and
deposited onto heated YAlO3(112) substrates.15, 17) The high
quality of these thin films is evident from x-ray diffraction as
well as the dc resistivity, which corresponds to those of sin-
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Fig. 1. Temperature-dependent resistivity along the a-axis for UNi2Al3
thin films. Thickness of samples #1 and #2 are 150 nm and 62 nm, respec-
tively. The inset shows the resistance around the superconducting transi-
tion.
gle crystals. The magnetic properties of thin films are much
harder to study than those of bulk samples, but using resonant
magnetic X-ray scattering it was shown that thin films of the
type presented here exhibit the same magnetic order as single
crystals.18)
The films grow in such a way that both the crystallographic
a- and c-axes lie in the film plane and are easily accessible for
transport experiments.15, 19, 20) In the present study, we com-
pare two UNi2Al3 thin films of different thickness: sample #1
is 150 nm thick and was studied already previously.19) Sample
#2 is only 62 nm thin, which is particularly advantageous for
transmission experiments in optics.12) In the present experi-
ment we concentrate on the dc resistivity along the a-axis as a
function of temperature and external magnetic field. Here we
have performed conventional 4-probe measurements.
The temperature-dependent resistivity in zero external field
is shown for both samples in Fig. 1: the overall temperature
dependence is typical for heavy-fermion materials and known
from previous studies on UNi2Al3:1, 15, 21) upon cooling from
room temperature, the resistivity decreases only slightly un-
til around 100 K, where the resistivity smoothly bends over
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Fig. 2. (Color online) Temperature-dependent resistivity (along a-axis) of
thin UNi2Al3 films at temperatures around the antiferromagnetic transi-
tion, measured for different external magnetic field strengths. The mag-
netic field is applied along the a-axis, in the film plane. The main plot
shows data of sample #1 (150 nm thick), the inset data of sample #2 (62 nm
thick).
to a steeper descent. Finally, at temperatures around or be-
low 1 K, the resistivity vanishes in the superconducting state.
The superconducting transition of our samples is depicted in
the inset of Fig. 1: defining Tc as the midpoint of the resistive
transition, we find a Tc of 1.07 K for sample #1 and 0.46 K for
sample #2. The residual resistivity ratio (RRR) amounts to 9.2
for sample #1 and 5.9 for sample #2, respectively. The thicker
film #2 thus is comparable to bulk UNi2Al3 samples.1, 21) Al-
though Tc and RRR for sample #2 are reduced compared to
sample #1 and to bulk samples, we want to stress that also
this sample is of extremely high quality, if one considers the
thickness of only 62 nm. For much thicker films of UPd2Al3,
a mean free path of approximately 60 nm was determined,13)
and similar values will hold for UNi2Al3.14) Since the film
thickness sets a natural upper limit for the mean free path, our
very thin film #2 must have a shorter mean free path, and as a
result RRR and Tc are reduced.
In Fig. 2, we present the dc resistivity for temperatures
around the antiferromagnetic transition. As observed previ-
ously, a plateau-like structure in the resistivity curve is the sig-
nature of TN in the a-axis resistivity.8, 15, 21) With increasing
applied magnetic field, this temperature range with reduced
slope moves toward lower temperatures. Su¨llow et al. took ad-
vantage of this effect to determine the phase boundary of the
antiferromagnetic state in temperature-field-plane,8) and we
will follow this procedure here as well. The resulting phase
diagram is plotted for both samples in Fig. 3.
One unclear aspect in this context is the following: which
point of the anomaly of the temperature-dependent resistivity
heralds the Ne´el temperature? Su¨llow et al. used the minimum
of the derivative of resistivity versus temperature, dρ(T )/dT ,
i.e. the minimal slope in ρ(T ). But from comparison of data
obtained from resonant magnetic X-ray scattering18) and dc
measurements on thin films, we conclude that rather the lower
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Fig. 3. (Color online) Phase diagram deduced from the temperature-
dependent measurements in Fig. 2. The squares and the triangles corre-
spond to the lower kink in the resistivity and the minimum in the deriva-
tive of the resistivity, respectively. The full and dashed black lines represent
this phase boundary as determined by Su¨llow et al.8) and Tateiwa et al.,9)
respectively.
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Fig. 4. (Color online) Temperature-dependent magnetoresistance along the
a-axis for UNi2Al3 thin film (150 nm thick) for different magnetic fields
applied along the a-axis.
kink of the plateau indicates TN . In Fig. 3, we show both
points for our measurements. For comparison, we also plot
the phase boundary determined by Su¨llow et al.8) from resis-
tivity and susceptibility measurements and by Tateiwa et al.9)
from specific heat and magnetization measurements. In con-
trast to our thin-film experiments, those data were obtained
on single crystals. Surprisingly, we find that the Ne´el temper-
ature of our thin films decreases much less with increasing
applied field than for those previous studies. If we compare
the two films of different thickness, the transition temperature
is smaller for the thinner sample. This suggests that with in-
creasing thickness the antiferromagnetic state becomes more
robust. But this is at odds with the even lower TN which was
previously found for single crystals.
Another difference between our thin film results and the
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Fig. 5. (Color online) Normalized resistivity ρ(B)/ρ0=ρ(B)/ρ(B=0) of the
150 nm thick UNi2Al3 film for different temperatures. Current and mag-
netic field are applied along the crystallographic a-axis, in the film plane.
previous single crystal measurements8) becomes more obvi-
ous in Fig. 4, where we plot the magnetoresistance for differ-
ent magnetic fields as a function of temperature. As expected
and consistent with the single-crystal result, the magnetoresis-
tance is particularly pronounced for the temperatures around
TN , where the suppression of TN with increasing field leads
to substantial negative magnetoresistance. But furthermore
we find a positive magnetoresistance at high fields and tem-
perature much lower than TN . This is already evident from the
crossing of the curves in the main plot of Fig. 2 at tempera-
tures below 4 K. On the other hand, at temperatures above the
plateau in the dc resistivity (i.e. above TN ) we do not resolve
any magnetoresistance; thus any possibly present magnetore-
sistance at these temperatures is much smaller than 1%. This
is in stark contrast to the single-crystal measurements:8) also
well above the plateau, the magnetoresistance there exceeds
6% at 6 T. This difference could possibly be explained with
the dominant scattering mechanisms in our sample: as men-
tioned above, surface scattering plays an important role, and
also other defects probably contribute substantially.13) These
scattering centers do not depend on temperature or magnetic
field, and therefore they have strong constant contributions
to the overall resistance which are not affected by magnetic
fields. Thus, they cause a large background for any other,
magnetic-field-dependent scattering mechanisms which cause
the magnetoresistance, such as spin-disorder scattering.19)
Finally, we have performed field sweeps at fixed
temperature. The resulting normalized resistivity
ρ(B)/ρ0=ρ(B)/ρ(B=0) is shown in Fig. 5 for the thicker
sample #1. These data is consistent with the above: for tem-
peratures clearly above TN (here: 8 K), we do not resolve any
magnetoresistance. At temperatures around 5 K, we find a
substantial negative magnetoresistance due to the suppression
of TN with increasing field; and at much lower temperatures
the magnetoresistance is positive. These results are very
similar to a previous study,19) where the magnetoresistance
was studied for current along a-axis, but with the magnetic
field applied perpendicular to the thin film.
Considering both the absolute value of the magnetoresis-
tance and the field-dependence of the Ne´el temperature deter-
mined from our experiments, we obtain a still incomplete pic-
ture when compared to the single-crystal results:8) the rather
small absolute value of the magnetoresistance for our mea-
surements can be explained by the thin thickness of our sam-
ples. Here surface scattering will be a crucial contribution to
the overall resistance and does not depend on the applied mag-
netic field, thus reducing any magnetoresistive effects. The
much higher transition temperature of the antiferromagnetic
phase at large external fields (compared to the single-crystal
data) on the other hand is still not understood.
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